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(54) DIGITAL DATA RECORDING MEDIUM, RECORDING METHOD, RECORDING DEVICE, 
REPRODUCTION METHOD, AND REPRODUCTION DEVICE 



(57) A CD which cannot practically be copied. A re- 
cording method, wherein, when a certain portion of main 
data is recorded by being encoded by a first encoding 
method and the other portions of the main data is re- 
corded by being encoded by a second encoding meth- 
od, an encoding process is performed by the first en- 
coding method so that, when data which is recorded in 



such a manner that the data encoded by the first encod- 
ing method Is decoded by a decoding method corre- 
sponding to the first encoding method, and thereafter, 
is further encoded by the second encoding method, is 
decoded by a decoding method corresponding to the 
second encoding method, the sum value of DC compo- 
nents per unit time increases. 
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Description 
Technical Field 

[0001] The present invention relates to a digital data 5 
recording medium, recording method, recording device, 
playback method, and playback device. 

Background Art 

[0002] Since CDs (Compact Discs) are easy to man- 
ufacture, are inexpensive, and are also easy to handle, 
they are widely used as recording media for storing var- 
ious kinds of data such as digital audio data and image 
data, and computer programs. 
[0003] In recent years, as the performance of person- 
al computers has improved and CD-R (CD Recordable) 
discs that enable additional recording and CD-RW (CD 
Rewritable) discs that enable data to be rewritten have 
appeared, the current situation is that digital data re- 
corded on a CD can be easily copied onto such CD-R 
discs and CD-RW discs. Copying onto CD-R discs, etc.. 
in this manner is generally illegal copying in which cop- 
yright is ignored. Therefore, the protection of digital data 
which is stored on a CD is required. 
[0004] In view of the above, the present invention 
aims to enable an original CD to be distinguished fi^om 
a copied CD, and aims to prevent a copied CD from be- 
ing played back or read. In the following descriptions, it 
is assumed that CDs include CD-DA (CD Digital Audio) 
discs and CD-ROM discs. 

Disclosure of the Invention 

[0005] The present invention provides a recording 
method, wherein, when a certain portion of main data is 
recorded by being encoded by a first encoding method 
and the other portions of the main data is recorded by 
being encoded by a second encoding method, an en- 
coding process is performed by the first encoding meth- 
od so that, when data which is recorded in such a man- 
ner that the data encoded by the first encoding method 
is decoded by a decoding method corresponding to the 
first encoding method, and thereafter, is further encoded 
by the second encoding method, is decoded by a de- 
coding method corresponding to the second encoding 
method, the sum value of DC components per unit time 
increases. 

[0006] Therefore, in copied articles, ail data is encod- 
ed by the second encoding process. 

Brief Description of the Drawings 

[0007] 

Fig. 1 is a system diagram illustrating the present 
invention. 

Fig. 2 is a system diagram illustrating the present 



invention. 

Fig. 3 is an illustration of the present invention. 
Fig. 4 is an illustration of the present invention. 
Fig. 5 Is a system diagram showing an embodiment 
of the present invention. 

Fig. 6 is a system diagram showing an embodiment 
of the present invention. 

Fig. 7 is a system diagram showing another embod- 
iment of the present invention. 

Best Mode for Carrying Out the Invention 

[0008] The present invention will now be described 
below in detail with reference to the drawings. 

® En-or correction code in a CD 

[0009] The error correction coding adopted in current 
CDs as recording media Is called a CIRC (Cross Inter- 
leave Reed-Solomon Code) method. Fig. 1 shows a 
CIRC encoder circuit 10 used in the recording system 
thereof. That is, in the CD, digital audio data LO to L5 of 
six continuous samples from the left channel and digital 
audio data RO to R5 from the corresponding six samples 
of the right channel form one frame. The data LO to L5 
and RO to R5 are each 16 bits long, the data is divided 
into the higher-order eight bits DOA to D 1 1 A and the low- 
er-order eight bits DOB to D11B, and each of the eight 
bits DOA to D11B is called a symbol. 
[001 0] These symbols DOA to D11 B are supplied to a 
delay/scramble circuit 11, the symbol of an even-num- 
bered sample is delayed by two symbols, and all the 
symbols are scrambled. The resulting output is supplied 
to a C2 encoder circuit 12, whereby (28,24.5) Reed- 
Solomon codes on the GF (2®) are coded, and thus, Q 
parities GO to Q3 of four symbols are generated. The 
output from the C2 encoder circuit 12 is supplied to an 
interleave circuit 1 3, whereby, if the amount of unit delay 

is denoted as D. a delay of 0. D. 2D 27D. which differ 

equally, is supplied to each symbol. In current CDs, D 
is set at 4 frames, and the adjacent symbols are set 
apart in units of 4 frames. Hereinafter, the CIRC method 
when D = 4 will be referred to as a ''CIRC4 method". 
[001 1] Then, the output of the interleave circuit 13 is 
supplied to a C1 encoder circuit 14, whereby (32,28,5) 
Reed-Solomon codes on the GF (2^) are coded, and 
thus. P parities PO to P3 of four symbols are generated. 
The output of the CI encoder circuit 14 is supplied to a 
delay circuit 1 5, whereby every other symbol is delayed 
by one symbol. Also, the Q parities GO to Q3 and the P 
parities PO to P3 are inverted by an inverter circuit 1 6, 
and these are output as encoded signals of the encoder 
circuit 10. These encoded signals are supplied to an 
EFM modulation circuit, and the EFM modulation sig- 
nals are recorded on a CD. 

[0012] Fig. 2 shows a CIRC decoder circuit 20 used 
In a playback system. In which the CIRC decoder circuit 
20 is fornied complementary to the CIRC encoder circuit 
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10. That is, from the EFM modulation signal which is 
reproduced from the CD, the original data sequence 
(encoded signal) is demodulated by an EFM demodu- 
lation circuit. This encoded signal is supplied to a delay 
circuit 21 , whereby the symbol which Is not delayed by 
the delay circuit 15 of the encoder circuit 10 Is delayed 
by one symbol, thereby relatively canceling the delay by 
the delay circuit 15. Furthermore, at an inverter circuit 
22, the inversion by the inverter circuit 1 6 of the encoder 
circuit 10 is reversed to retrieve the encoded output of 
the CI encoder circuit 14. 

[001 3] This encoded output is decoded into the origi- 
nal symbol by a CI decoder circuit 23, and thereafter, 
the symbol is supplied to a deinterleave circuit 24. At 
this deinterleave circuit 24, a delay of 27D, 26D,..., D, 
0, which differ equally, is supplied to each symbol, there- 
by relatively canceling the delay of the symbol caused 
by the interleave circuit 13 of the encoder circuit 10. At 
this time, D = 4 frames. 

[0014] Then, the output of the deinterleave circuit 24 
is decoded into the original symbol by a C2 decoder cir- 
cuit 25, and thereafter, it is supplied to a delay/descram- 
ble circuit 26, whereby all the symbols are descrambled. 
Also, the symbol of an odd-numbered sample is delayed 
by two symbols, and the original digital audio data LO to 
R5 (DOA to D11B) is retrieved. The above pi^ocessing is 
performed for each frame, the original digital audio data 
is continuously extracted, and this digital audio data is 
converted from digital to analog form, forming the orig- 
inal analog audio signals of the left and right channels. 
[0015] At this time, an error flag is retrieved from the 
CI decoder circuit 23 and the C2 decoder circuit 25 and 
supplied to an interpolation flag generation circuit 27, 
whereby an error interpolation flag is generated. By us- 
ing this error interpolation flag, the data in which an error 
has occurred among the data LO to R5 is interpolated 
by an interpolation process such as preholding or aver- 
age value interpolation. 

[0016] The foregoing represents encoding process- 
ing and decoding processing for error correction in the 
CIRC4 method, which is adopted in current CDs. 
[GDI 7] On the other hand, in a double-density CD for- 
mat called a DCDC (Double Density CD) standard, a 
process called the CIRC7 method is adopted for en-or 
correction coding. An encoder circuit and a decoder cir- 
cuit of the CIRC7 method are configured similarly to the 
encoder circuit 10 and the decoder circuit 20 of the 
above-described CIRC4 method. In the CIRC7 method, 
the delay at the interleave circuit 1 3 and the deinterleave 
circuit 24 Is set at 7 frames. As mentioned above, in the 
CIRC4 method, the delay is 4 frames. 
[0018] Therefore, according to the CIRC7 method, 
since the interleave length is set longer than that of the 
CIRC4 method, the correction perfomriance with respect 
to a burst error, that is, an error which occurs continu- 
ously in the read data due to a fingerprint on the CD, 
damage to the CD, etc., Increases. 
[0019] In the manner described above, since the in- 



terleave length differs between the CIRC4 method and 
the CIRC7 method, a CD used for recording by the 
CIRC4 method cannot be decoded by a playback device 
of the CIRC7 method. Conversely, a CD used for record- 
5 Ing by the CIRC7 method cannot be decoded by the 
playback device of the C1RC4 method. 

(D DSVofCD 

10 [0020] As shown In Fig. 3A, when the value of a par- 
ticular symbol (original data) is, for example, 92h (h in- 
dicates that the value is hexadecimal), and this symbol 
is subjected to an error correction coding process by us- 
ing the CIRC7 method, that is, when this symbol is en- 

15 coded so as to be converted Into an EFM modulation 
signal, the channel bits (the EFM modulation signal) are 
arranged as shown in Fig. 38 by the conversion stand- 
ard adopted by the CD. Furthemnore, at this time, in the 
channel bits, three bits called connection bits or margin 

20 bits are inserted at every concatenation of the symbols. 
[0021] These connection bits are inserted so that the 
minimum time width Tmin of the channel bits becomes 
longer and the maximum time width Tmax becomes 
shorter even at the concatenation of the symbols. More 

25 specifically, the connection bits are inserted so that two 
or more of "0" or "1" continue and 12 or more do not 
continue. Therefore, for the connection bits, one of four 
types of bit patterns of "000", "001". "010". and "100", 
shown in Fig. 3C, is selected. In the case shown in Fig. 

30 3B, "000" is selected on the basis of the above-de- 
scribed conditions. 

[0022] Therefore, the channel bits are arranged in the 
bit pattern shown in Fig. 3D. At this time, v\^en the DSV 
(Digital Sum Value), which is a sum value of the DC com- 

35 ponents per unit time, is determined, this Is as shown in 
Fig. 3E, and when one symbol ends, the DSV Increases 
by 3. When the symbol is ordinary digital audio data, the 
polarity and the magnitude of the DSV per symbol vary, 
and the connection bits are selected from four types of 

40 bit patterns so that the connection bits are converged to 
0 when the DSV is selected. Therefore, the sum value 
of the DSV always falls in a predetermined range close 
too. 

[0023] However, when, for example, 92h is repeated 
45 as a symbol by a particular method, the sum value of 
the DSV increases by 3 for each symbol. When the DSV 
increases (or decreases) in this manner and falls out- 
side a particular range, an influence is exerted on asym- 
metry connection in a playback circuit for a CD, and even- 
50 tually. nomrtal playback of the CD cannot be performed. 

@ Case where item ® is applied to item 0 

[0024] As described in item 0 , since the interleave 

55 length differs between the CIRC4 method and the 
CIRC7 method, the encoded results differ, and the bit 
patterns of the EFM modulation signal differ. Therefore, 
a data sequence can be provided in which, when an er- 
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ror correction coding process, that Is, encoding, is per- 
formed by the CIRC7 method, the DSV falls within a 
range in which normal playback is possible, and when 
an error correction coding process, that is, encoding, is 
performed by the CIRC7 method, the DSV does not fall 
within a range in which normal playback is possible. 
[0025] An optical disc as a recording medium on 
which such a data sequence is recorded can be played 
back normally when it is played back by a playback de- 
vice that uses the CIRC7 method without changing the 
method. However, when data which is read from the op- 
tical disc using a recording device that uses the CIRC4 
method is copied onto a CD-R, in that recording device, 
the data sequence played back from the optical disc, 
which is the recording source, is encoded by the CIRC4 
method and is recorded on a CD-R, which is a recording 
target. As a result, when the CD-R on which the data is 
copied is played back, the DSV is offset, and the data 
recorded on the CD-R cannot be played back normally. 
[0026] A data sequence such that, although no abnor- 
mality occurs in the DSV in this manner when the data 
sequence is decoded and played back by the CIRC7 
method, when the playback output is further encoded 
by the CIRC4 method and recorded, the DSV is offset, 
and an error occurs during playback, is called "special 
data". 

® Outline of the present invention 

[0027] Figs. 4A and 4D show tracks of a CD in a de- 
veloped manner. As shown in Fig. 4A, in the original CD, 
main data such as musical pieces is encoded by the 
CIRC4 method and recorded, and in a predetermined 
area indicated by oblique lines, special data described 
in item® is recorded. For example, in subcode data, 
information on the recording area (at the positions of the 
oblique-line portions) of the special data is contained. It 
is assumed that the standards of the signal recording 
format, and the size and the characteristics of the disc 
comply with those of current CDs. 
[0028] Then, as shown in Fig. 4B, in a case where the 
recording area of the main data of the CD is played back 
by the CIRC4 method, since the main data is recorded 
by the CIRC4 method, the main data is played back nor- 
mally, as shown in Fig. 4C. 

[0029] Furthermore, the special data is recorded in 
the area of the oblique-line portions. Since the position 
at which this special data is recorded is known from the 
subcode data, when, as shown In, for example, Fig. 4B, 
a portion where the special data is recorded is to be 
played back, if the portion where the special data is re- 
corded is played back by changing the decoding method 
to the CIRC7 method, the data which is recorded nor- 
mally in the CD can be played back without the DSV 
being broken, that is. without an error occurring. 
[0030] On the other hand, in a case where data re- 
corded on a CD of Fig. 4A is to be copied onto a CD-R 
disc. etc.. using a personal computer, etc., even if the 



recording area of the special data can be played back 
normally by switching between the decoding methods 
by the CIRC4 method and the CIRC7 method in the 
manner described above, all the played-back data is re- 
5 corded on the CD-R disc, as shown in Fig. 4D. There- 
fore, when the CD-R disc is played back, as shown in 
Fig. 4E, the DSV becomes abnormal in the portion 
where the special data is recorded, and the subsequent 
playback of the CD-R disc cannot be performed. That 
10 Is, practically, the copied data cannot be played back. 
[0031] The foregoing is an outline of the method for 
practically invalidating copied data in the present inven- 
tion. Furthermore, even if the appearance of the original 
CD and the copied CD is the same, in the recording area 
of the oblique lines in Fig. 4, the error correction method, 
that is. the data encoding method, differs, and therefore, 
this enables the original CD to be distinguished from the 
disc in which data is copied from the original CD. 

® An example of recording device 

[0032] Fig. 5 shows an example of a recording device 
to which the above-described items ® to @ are ap- 
plied. More specifically, main data, such as digital audio 
data, is supplied to a terminal 31, and special data, for 
example, data in which a value 92h is repeated, is sup- 
plied to a terminal 32. Furthermore, data serving as sub- 
code data is supplied to a terminal 33. 
[0033] The main data supplied from the terminal 31 is 
supplied to a CIRC4 encoder circuit 41 . whereby an er- 
ror con-ection coding process, that is, an encoding proc- 
ess, is performed thereon by the CIRC4 method, and 
the resulting encoded data sequence is supplied to a 
switching circuit 43. The special data supplied from the 
terminal 32 is supplied to a CIRC7 encoder circuit 42, 
whereby an error correction coding process, that is, an 
encoding process, is performed thereon by the CIRC7 
method, and the resulting encoded data sequence is 
supplied to a switching circuit 43. 
[0034] Furthermore, a signal indicating the position of 
the portion where the special data is recorded (for ex- 
ample, the oblique-line portions in Fig. 4A), that Is, an 
address signal, is extracted from a system control circuit 
55, and this address signal is supplied to the switching 
circuit 43 as a control signal therefor. As a result, from 
the switching circuit 43, a data sequence in which the 
main data is encoded and a data sequence in which the 
special data is encoded are extracted so as to establish 
a positional relationship such as that shown in, for ex- 
ample, Fig. 4A, and the output data from the switching 
circuit 43 is supplied to a multiplexer circuit 45. 
[0035] The data which to be used as the subcode da- 
ta, supplied from the terminal 33, Is supplied to a sub- 
code encoder circuit 44, whereby the subcode data is 
generated, and this subcode data is supplied to the mul- 
tiplexer circuit 45. As described in item0 . the subcode 
data contains a signal indicating the position at which 
the special data is recorded, that is, an address signal 
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or address information. 

[0036] In this manner, encoded data, in whicli the data 
sequence of the special data is contained and the sub- 
code data is added, is extracted as output data from the 
multiplexer circuit 45. This output data is supplied to an 
EFM modulation circuit 46, whereby the data is made to 
be an EFM modulation signal {channel bits). This EFM 
modulation signal is supplied to an optical recording 
head 51 , whereby the EFM modulation signal is record- 
ed in the form of spiral tracks on a recordable optical 
disc, for example, a CD-R disc (or a master disc of a 
CD) 60. At this time, the optical disc 60 is rotated at a 
predetermined linear velocity by a spindle motor 52, and 
also, servo control, which is necessary for various kinds 
of recording, such as tracking servo and focus servo, is 
performed on the optical disc 60 by a servo circuit 53. 
[0037] In the above-described way, recording onto the 
optical disc 60 is performed. Therefore, on the optical 
disc 60, as described with reference to item® and, for 
example. Fig. 4A, the main data and the special data 
are recorded. The signal indicating the position at which 
the special data is recorded is contained in the subcode 
data. 

© An example of playback device 

[0038] Fig. 6 shows an example of a playback device 
for playing back an optical disc, which is produced and 
recorded by the recording device of item ® . More spe- 
cifically, data is read by an optical playback head 71 from 
the optical disc (or a CD produced by using this as a 
master disc) 60, which is produced and recorded with 
reference to Item ® . At this time, the optical disc 60 is 
rotated at a predetermined linear velocity by a spindle 
motor 72, and also, servo control, which is necessary 
for various kinds of recording, such as tracking servo 
and focus servo. Is performed on the optical disc 60 by 
a servo circuit 73. 

[0039] The output signal from the optical head 71 is 
supplied through an amplifier 81 to an EFM demodula- 
tion circuit 82, whereby the original data sequence 
(CIRC signal) is demodulated. The data sequence sup- 
plied from the EFM demodulation circuit 82 is supplied 
to a subcode decoder circuit 86. whereby the subcode 
data is decoded, and this subcode data is extracted at 
a terminal 93 and supplied to a system control circuit 75. 
[0040] At the control circuit 75, a signal indicating the 
position of the portion where the special data is recorded 
(the position of the oblique-line portion In Fig. 4A) is ex- 
tracted from the supplied subcode data, and a switching 
circuit 83 is controlled in accordance with this signal in- 
dicating the position. That is, the switching circuit 83 is 
connected to a terminal 83a of the switching circuit 83 
when the playback of the main data is being performed 
and is connected to a terminal 83b of the switching cir- 
cuit 83 when the playback of the special data is being 
perfomned, as shown in Fig. 6. 
[0041] In this manner, the data sequence, in which the 



main data is demodulated, among the data sequence 
demodulated by the EFM demodulation circuit 82. Is 
supplied through the switching circuit 83 to a CfRC4 de- 
coder circuit 84, whereby the data sequence is decoded 

5 by the CIRC4 method. Therefore, the original main data 
is decoded, and this main data is extracted at a terminal 
91. The data sequence demodulated from the special 
data, among the data sequence demodulated by the 
EFM demodulation circuit 82, is supplied through the 

10 switching circuit 83 to a CIRC7 decoder circuit 85, 
whereby the data sequence is decoded by the CIRC7 
method, and the data Is extracted at a tenninal 92. 
[0042] In the manner described above, when the main 
data is being played back, the EFM-demodutated data 

15 sequence is supplied to the CIRC4 decoder circuit 84 of 
the CIRC4 method, and when the special data is being 
played back, the EFM-demodulated data sequence Is 
supplied to the CIRC7 decoder circuit 85 of the CIRC7 
method. Therefore, normal playback of the optical disc 

20 60 can be performed without the DSV being broken, that 
is, without an error occumng. 
[0043] In this manner, even if the main data and the 
special data are recorded as described with reference 
to item® , the main data, for example, digital audio data 

25 of a musical piece, can be played back normally to listen 
to the music. In a case where the data recorded on the 
optical disc 60 is copied, the sum value of the DSV be- 
comes an abnormal value during playback as described 
above, and the copied disc cannot be played back nor- 

30 mally. Therefore, It Is possible to practically prevent ille- 
gal copying. 

® Another example of recording device 

35 [0044] Fig. 7 shows another example of the recording 
device, in which a pre-processing circuit 47 is provided 
at a stage prior to the EFM modulation circuit 46, and a 
post-processing circuit 48 is provided at a stage subse- 
quent thereto. A signal indicating the position at which 
40 the special data is recorded is supplied from the control 
circuit 55 to the processing circuits 47 and 48, whereby 
another copy prevention process is performed. For ex- 
ample, in the processing circuits 47 and 48. processes, 
such as generation of bit pattems such that only two bits 
45 of "0" or "1" continue as the minimum time width Tmin, 
bit operation such that a parity error occurs, and shift of 
channel bits, are performed. In the playback device, 
processes complementary to those of the recording de- 
vice are performed. 
50 [0045] Therefore, the optical disc 60, which is pro- 
duced and recorded by this recording device, has im- 
proved robustness against illegal copying. 

(g) Others 

55 

[0046] In the recording devices of Figs. 5 and 7, the 
special data is supplied to the encoder circuit 42 of the 
CIRC7 method in order to form a data sequence in which 
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the DSV is offset. Alternatively, the data sequence in 
which the DSV Is offset may be provided In advance In 
a memory, etc., and the data sequence may be supplied 
to the switching circuit 43. In the foregoing, the main da- 
ta is subjected to an error correction coding process by 
the CIRC4 method, and the special data is subjected to 
an error correction coding process by the CIRC7 meth- 
od. Alternatively, the processes of the CIRC4 method 
and the CIRC7 method may be reversed. 
[0047] Furthermore, In the case of two CIRC methods 
in which the interleave lengths differ, the present inven- 
tion can be applied. Alternatively, in the foregoing, the 
CIRC (Cyclic Redundancy Check) method is adopted 
as an encoding process and a decoding process. Also, 
the present Invention can be applied to a case in which 
a single error correction code such as CRC and Reed- 
Solomon code is used, an interleave process and a 
scrambling process are changed, and a generation pol- 
ynomial is changed. 

[0048] In place of the information indicating the posi- 
tion at which the special data is recorded, information 
indicating the recording area of the main data can also 
be contained In the subcode data, etc. Furthennore, al- 
though In the foregoing, the recording medium Is a CD, 
it may be an MD (Mini Disc), a DVD (Digital Versatile 
Disc), etc. Alternatively, the information can also be 
transmitted and received via a network, such as the In- 
ternet. In the recording device of Fig. 7, only one of the 
processing circuits 47 and 48 may be used. 
[0049] According to the present Invention, in the case 
of an original CD, main data such as digital audio data 
can be played back or read normally, but a CD copied 
from the original CD cannot be played back or read nor- 
mally due to the abnormality of the DSV. Therefore, it is 
possible to practically prevent illegal copying. 



Claims 

1. A recording method, wherein, when a certain por- 
tion of main data is recorded by being encoded by 
a first encoding method and the other portions of 
the main data is recorded by being encoded by a 
second encoding method, an encoding process is 
performed by said first encoding method so that, 
when data which is recorded In such a manner that 
the data encoded by said first encoding method is 
decoded by a decoding method con-esponding to 
said first encoding method and thereafter, is further 
encoded by said second encoding method, is de- 
coded by a decoding method corresponding to said 
second encoding method, the sum value of DC 
components per unit time increases. 

2. A recording method according to Claim 1 , wherein, 
when said main data of m bits is converted Into a 
data symbol of n (m < n) bits by said first encoding 
method, connection bits such that the sum value of 



DC components per unit time are selected from 
among a plurality of connection bits, and the con- 
nection bits are added after said data symbol of m 
bits, an encoding process is performed in which 
5 . said connection bits such that said sum value of DC 
components increases when a decoding process 
corresponding to said second encoding method is 
performed, are selected from said plurality of con- 
nection bits and are added. 

10 

3. A recording method according to Claim 2, wherein 
said main data of m bits, which is encoded by said 
second encoding method, is converted Into a data 
symbol of n (m < n) bits, connection bits such that 
15 the sum value of DC components per unit time de- 
creases are selected from among a plurality of con- 
nection bits, and the connection bits are added after 
said data symbol of m bits. 

20 4. A recording method according to Claim 3, wherein, 
in said first encoding method, an enror correction 
coding process is performed on said main data in 
accordance with a first error correction code, and in 
said second encoding method, an error conrection 

25 coding process is performed on said main data in 
accordance with a second en'or connection code. 

5. A recording method according to Claim 1 , further 
comprising a step of recording data indicating the 

30 position at which the data encoded by said first en- 
coding method is recorded. 

6. A recording device comprising: 

35 a first encoding processing section for encod- 

ing a certain portion of main data by a first en- 
coding method; 

a second encoding processing section for en- 
coding the other portions of said main data by 

40 a second encoding method; 

a modulation processing section for performing 
a modulation process so that, when data which 
is recorded in such a manner that output data 
from said first encoding processing section is 

45 decoded by a decoding method corresponding 

to said first encoding method and thereafter, is 
further encoded by said second encoding 
method, is decoded by a decoding method cor- 
responding to said second encoding method, 

50 the sum value of DC components per unit time 

increases; and 

a recording section for recording output data 
from said modulation processing section on a 
recording medium. 

55 

7. A recording device according to Claim 6, wherein 
said modulation processing section performs a 
process, on output data of said first coding process- 
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ing section, in which, when said main data of m bits 
is converted into a data symbol of n (m < n) bits, 
connection bits such that the sum value of DC com- 
ponents per unit time decreases are selected from 
among a plurality of connection bits, and the con- 
nection bits are added after said data symbol of m 
bits, said connection bits such that said sum value 
of DC components increases when a decoding 
process corresponding to said second encoding 
method is performed are selected from said plurality 
of connection bits and are added. 

8. A recording device according to Claim 6, wherein 
said first encoding processing section performs an 
enror correction coding process on said main data 
in accordance with a first error correction code, and 
said second encoding processing section performs 
an error correction coding process on said main da- 
ta in accordance with a second error correction 
code. 

9. A recording device according to Claim 6. wherein 
said modulation processing section performs a 
process, on output data from said second coding 
processing section, in which data of m bits is con- 
verted into a data symbol of n (m < n) bits, connec- 
tion bits such that the sum value of DC components 
per unit time decreases are selected from among a 
plurality of connection bits, and the connection bits 
are added after said data symbol of rn bits. 

10. A recording device according to Claim 6, further 
comprising a selection section for selectively sup- 
plying output data from said first coding processing 
section and output data from said second coding 
processing section to said modulation processing 
section. 

11. A recording device according to Claim 6, wherein 
data is further recorded indicating the position at 
which the data encoded by said first encoding meth- 
od is recorded. 

12. A playback method for playing back data which is 
read from a recording medium while switching be- 
tween a first decoding process for performing a de- 
coding process by a first decoding method corre- 
sponding to a first encoding method and a second 
decoding process for performing a decoding proc- 
ess by a second decoding method corresponding 
to a second encoding method, in which, when a cer- 
tain portion of main data is recorded by being en- 
coded by a first encoding method and the other por- 
tions of the main data is recorded by being encoded 
by a second encoding method, an encoding proc- 
ess is performed by the first encoding method so 
that, when data which is recorded in such a manner 
that the data encoded by said first encoding method 



is decoded by a decoding method corresponding to 
said first encoding method and thereafter, is further 
encoded by said second encoding method, is de- 
coded by a decoding method corresponding to said 
5 second encoding method, the sum value of DC 
components per unit time increases. 

13. A playback method according to Claim 1 2, wherein, 
in said recording medium, data is recorded indicat- 

10 ing the position at which the data encoded by said 
first encoding method is recorded, and in said meth- 
od, said first decoding process and said second de- 
coding process are switched In accordance with the 
information indicating said position. 

15 

14. A playback device comprising: 

a head section for reading data from a record- 
ing medium, in which, when a certain portion of 
20 main data is recorded by being encoded by a 

first encoding method and the other portions of 
the main data is recorded by being encoded by 
a second encoding method, an encoding proc- 
ess is performed by said first encoding method 
25 so that, when data which is recorded in such a 

manner that the data encoded by said first en- 
coding method is decoded by a decoding meth- 
od corresponding to said first encoding method 
and thereafter, is further encoded by said sec- 
30 ond encoding method, is decoded by a decod- 

ing method corresponding to said second en- 
coding method, the sum value of DC compo- 
nents per unit time increases; 
a first decoding processing section for perform- 
35 ing a decoding process on an output signal, 

supplied from the head section, by the first de- 
coding method corresponding to said first en- 
coding method; 

a second decoding processing section for per- 
40 forming a decoding process on an output sig- 

nal, supplied from the head section, by the sec- 
ond decoding method corresponding to said 
second encoding method; and 
a control section for selectively supplying the 
45 output signal from said head section to said first 

decoding processing section and said second 
decoding processing section. 

15. A playback device according to Claim 14, wherein, 
50 in said recording medium, data is recorded indicat- 
ing the position at which the data encoded by said 
first encoding method is recorded, and said control 
section selectively supplies the output signal from 
said head section to said first decoding processing 

55 section and said second decoding processing sec- 
fion on the basis of the information indicating said 
position. 
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16. A playback device according to Claim 15, further 
comprising a demodulation processing section for 
performing a demodulation process on an output 
signal supplied from said magnetic head section 
and outputting output data to said first decoding 5 
processing section or said second decoding 
processing section. 

17. A playback device according to Claim 16, wherein 
said first decoding processing section performs an io 
error conrectlon process on the output data supplied 
from said demodulation processing section In ac- 
cordance with a first error correction code, and said 
second decoding processing section performs an 
error correction process on the output data supplied 
from said demodulation processing section in ac- 
cordance with a second error correction code. 

18. A recording medium, in which a certain portion of 
main data is recorded by being encoded by a first 20 
encoding method and the other portions of the main 
data is recorded by being encoded by a second en- 
coding method, and when data which is recorded in 
such a manner that the data encoded by said first 
encoding method is decoded by a decoding method 25 
corresponding to said first encoding method and 
thereafter, is further encoded by said second en- 
coding method, Is decoded by a decoding method 
conresponding to said second encoding method, 

the sum value of DC components per unit time In- 30 
creases. 

19. A recording medium according to Claim 18, where- 
in, when said main data of m bits Is converted into 

a data symbol of n (m < n) bits by said first encoding 35 
method, connection bits such that the sum value of 
DC components per unit time decreases are select- 
ed from among a plurality of connection bits, and 
the connection bits are added after said data sym- 
bol of m bits, data is recorded in which said connec- 40 
tion bits such that said sum value of DC compo- 
nents increases when a decoding process corre- 
sponding to said second encoding method is per- 
formed are selected from among said plurality of 
connection bits and are added. ^5 

20. A recording medium according to Claim 1 9, wherein 
data is recorded on said recording medium, said da- 
ta being such that said main data of m bits, which 

is encoded by said second encoding method, is so 
converted into a data symbol of n (m < n) bits, con- 
nection bits such that the sum value of DC compo- 
nents per unit time decreases are selected from 
among a plurality of connection bits, and the con- 
nection bits are added after said data symbol of m 55 
bits. 

21. A recording medium according to Claim 18, where- 



in, in said first encoding method, an error connection 
coding process is performed on said main data in 
accordance with a first error correction code, and in 
said second encoding method, an error correction 
coding process is performed on said main data in 
accordance with a second error correction code. 

22. A recording medium according to Claim 1 8, wherein 
data indicating the position at which the data encod- 
ed by said first encoding method is further recorded 
on said recording medium. 



40 



8 



EP 1 396 857 A1 



OOOaOOOOOOO 0|0|0 0|0 OOOQOQOOOQO DK|(L Q-|q. 




oooooooooooo 



< CD <c GD 
OOQOOOOOOOOO 



<*i ro ^ 



9 



EP 1 396 857 A1 



IE -I 



IT 



^ ^ to 



QOODOOOOQDQO 
A AAA A A AAA AAA 



•< flO < CO 

<ocor-r-ooooo>cn*— *— »— 
OOQOQOOOOOOO 



< 



CM I 



CM 

d 




OOOOOODOOOO 0|a|0|0|0 OOOOOOC^OOOO O|a.|QL|0L|i 



10 



EP 1 396 857 A1 




11 



EP 1 396 857 A1 



or cc 



o o 



so 



coo 



so 



< 

Q_< 

coo 



So 



QC 

!* 

CO 



o 
o 



o 

I— t 

o 



CO 

o 



o 

CO 

< 



> 

CO 
Q 



< 

cr 
o 
z 
m 
< 



O 

o 



o 

or 
o 



ffi 



o 

^o 
oo 
ox 

Ol- 
UJLU 
OS 



O 



Sco 
CLQc: 



Oo: 



LU 



O 

Scooi 



:c-> 



12 



EP 1 396 857 A1 





13 



EP 1 396 857 A1 




EP 1 396 857 A1 




CO 
CO 



luor 

OS 
oo 

CDO 
CO UJ 



UJ 

OUJ 



UJ 
OUJ 



o 
a: 



o 
o 



15 



EP 1 396 857 A1 



INTERNATIONAL SEARCH REPORT 


Intematianal application No. 
PCT/JP03/05616 


A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI' G11B20/14, H03M13/29 








According to International Patent Classification (IPC) or to both national dassification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classiiication system followed by dassification ^bols) 
Int. CI' G11B20/10, 611820/14, G11B20/18, H03M13/00 


Documentation searched ottier than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Kfc^o 1994-2003 
Kokai Jitsi^ Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Koho 1996-2003 


Electronic data base consulted during the International search (name of data base and, wiiere practicable* search tenns used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document with faidication, where ai 


ifiiopirial^ of the rdevant passages 


Relevant to clsdm Ko. 


A 


JP 9-288864 A (Hewlett-Packard Co.), 
04 November, 1997 (04.11.97), 
Full text; all drawings 

& EP 791923 A2 & OS 5699434 Al 
& US 5828754 Al & US 6278386 Bl 
& US 2001/28318 Al 




1-22 


A 


JP 2000-106668 A (Matsushita Electric Industrial Co. , 
Ltd.)r 

11 April, 2000 (11.04.00), 
Full text; all drawings 

& WO 00/7111 Al & JP 2000-183928 A 
& JP 2000-322368 A & CN 1311878 T 
& EP 1132817 Al 


1-22 


fx] Further documents are listed in the continuation of Box C. 


1 1 See patent family annex. 




* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international filing 

date 

"L" document which may throw doubts on priority clainKs) or which Is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the intemational flitng date but later 
than the priority date claimed 


"T" later document published afta tfie xnteroational filing date or 
priority date and not in conflict with the application but cited to 
undei^and the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alcme 

" y document of particular relevance; the daimcd invention cannot be 
considered to Involve an inventive stq> vrhok the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in die art 
document member of Uie same pdtent ftoiily 


Date of the actual completion of the intemational search 
30 July, 2003 (30.07.03) 


Dale of mailing of the international search report 
12 August, 2003 (12.08.03) 


Name and mailing address of the IS.V 
Japanese Patent Office 


Authorized ofUcer 






Facsimile No. 


Telephone No. 







Form PCT/ISA/210 (second sheet) (July 199S) 



16 



EP 1 396 857 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 
PCT/JP03/05616 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Categpry* 


Citation of document, with indication, where appropriate; of the relevant passages 


Relevant to claim No. 


A 


JP 62-239479 A (Nippon Hoso Kyokai) , 
20 October, 1987 (20.10.87), 
Full text; all drawings 
(Family: none) 




1-22 




JP 2002-329367 A (Sony Corp.), 
15 November, 2002 (15.11.02), 
Full text; all drawings 
(Family: none) 




1-22 



Form PCT/ISAy210 (continuation of second sheet) (July 1998) 



17 



